Introduction {#Sec1}
============

A new type of pneumonia caused by the 2019 novel coronavirus (2019-nCoV) broke out in December 2019 in Wuhan City, China \[[@CR1], [@CR2]\]. Before long spread to Europe, Northern Italy has become one of the areas of highest incidence, and Parma was located in the "red zone" for the Italian outbreak. As of June 5, 2020, the SARS-CoV-2 epidemic has caused 234,531 confirmed infections with 33,734 deaths in Italy. The clinical spectrum ranges from asymptomatic infection to severe pneumonia, leading to intensive care unit admission. We herein report the clinical spectrum, neuroimaging findings, and outcome of a patient developing acute stroke during COVID-19 infection.

Case Presentation {#Sec2}
=================

On March 14, 2020, a 47-year-old obese (BMI:31) woman, affected by antiphospholipid syndrome, was admitted to our Emergency Room (ER) (Parma University Hospital, Emilia-Romagna, Italy) with 6-day history of high-grade fever, cough, and fatigue for 1 week.

Physical examination revealed a body temperature of 39.6 °C, blood pressure of 180/100 mmHg, pulse of 66 beats per minute, respiratory rate of 16 breaths per minute, and blood oxygen saturation of 93% on room air. Bilateral coarse breath sounds with wet rales distributed at the bases of both lungs were heard on auscultation.

A thoracic high-resolution computerized tomography (HRCT) scan showed bilateral ground-glass opacities in the lower lobes, especially the left one (visual score extension: 30%), indicating the possibility of a viral interstitial pneumonia (Fig. [1a and b](#Fig1){ref-type="fig"}).Fig. 1Axial image (**a**) and 2D coronal image reconstruction (**b**). High-resolution chest-computed tomography on admission showed patchy ground-glass opacities (GGO). Consolidation was present in the dependent segments of both lungs with an asymmetric distribution, predominantly involving the left lower lobe. Distribution of lesions was mainly located in the medial lung. Acute CT axial (**c**) and image 2D coronal image reconstruction (**d**), of 7 days after admission, revealed marked progression of multiple, diffuse, and confluent GGO, even evolved into consolidation. Newly GGO were also distributed along peripheral or subpleural regions. A small amount of pleural effusion was also seen

Laboratory tests showed leukopenia (white blood cell count, 7600 per mm^3^). The white blood cell differential count displayed 5.4% lymphocytes. Several additional laboratory tests were obtained, including C-reactive protein, that was normal.

Her nasopharyngeal and oropharyngeal swab sampled for SARS-CoV-2 were reported back as positive later that day.

The patient was treated with antiviral drugs (ganciclovir, oseltamivir, Rezolsta) and anti-inflammatory drugs (meropenem, linezolid), with supportive care from March 20, 2020.

Seven days after admission to Covid-19 Unit, the patient rapidly developed worsening respiratory failure and acute respiratory distress syndrome (ARDS). Her left limbs became flaccid, and she suddenly developed partial left hemispheric syndrome.

A new HRCT scan of her thorax revealed diffuse ground-glass opacities and consolidation in the dependent segments of both lungs (visual score extension: 90%) (Fig. [1c and d](#Fig1){ref-type="fig"}). A small amount of pleural effusion was also seen.

Brain NCCT performed 2 h after sudden-onset left-sided weakness (Fig. [2a and b](#Fig2){ref-type="fig"}) showed subtle low attenuation within the right insular ribbon and frontal lobe (ASPECT Score 8).Fig. 2Hypoattenuation within the right insular ribbon (**a**) and the right frontal convexity (**b**). Follow-up scan at 24 h (**c** and **d**) showed clear hypoattenuation within the right and left hemispheres

MCTA demonstrated occlusion of both the dominant inferior division of the right middle cerebral artery and the A2 segment of the right anterior cerebral artery; intracranial collaterals were "poor" (\< 50% of the MCA territory).

Due to the instability of the patient's condition after intubation, it was not possible to perform mechanical thrombectomy (MT).

After 24 h, her pupils became dilated and unreactive, and brain CT demonstrated large bilateral infarctions of both the cerebellar (not shown) and cerebral hemispheres (Fig. [2c and d](#Fig2){ref-type="fig"}). She died 1 day later.

Discussion and Conclusions {#Sec3}
==========================

To our knowledge, there have been few reports of multiple cerebral arterial ischemic strokes in novel coronavirus (2019-nCoV) pneumonia patients \[[@CR3]--[@CR7]\]; although a recent Chinese study has demonstrated that acute cerebrovascular disease is not uncommon in COVID-19 patient \[[@CR3]\]. They reported 221 patients with COVID-19, 11 of (5%) whom developed acute ischemic stroke, 1 (0--5%) cerebral venous sinus thrombosis (CVST), and 1 (0--5%) cerebral hemorrhage. In their results, they emphasized that neurological COVID-19 patients were older and had multiple risk factors, more severe SARS-CoV-2 infection, and inflammatory response in the state of blood hypercoagulable. However, also adult patient with the same risk factors, overweight or obesity, are at higher risk as in our case.

The association between Covid-19 and stroke might be coincidental, but large artery stroke was diagnosed also in five of 206 patients with SARS in Singapore \[[@CR8]\].

Nevertheless, several critically ill Covid-19 patients treated at our hospital also had venous thromboembolism (including pulmonary embolism), and, at least, six patients had acute ischemic strokes.

The high incidence of thrombotic complications also while on therapeutic doses of low molecular weight heparin (LMWH) and the presence of a pattern of large vessel ischemic strokes suggests that a pro-coagulant state could be present in Covid-19 patients.

Other viral infections, such as varicella zoster \[[@CR9]\], cytomegalovirus \[[@CR10]\], parvovirus \[[@CR11]\], and human immunodeficiency virus have been associated with stroke.

Various hypotheses have been suggested to explain the apparent link between viruses and cerebrovascular disease documented in animal viral infections.

This may support the theory that 2019-nCoV is an evolution of an unidentified animal virus.

The majority of viruses that have caused recent epidemics, with high lethality rates in people, are zoonoses originating from bats. Many of these viruses, including Coronaviruses, implicate the host response as an important contributor to the disease process; in this respect, dysregulated and excessive innate immune responses appear particularly important drivers of tissue damage during infection. It has been postulated that the reason why bats are the natural, healthy reservoir of these viruses may reside in their immune tolerance \[[@CR12], [@CR13]\]. These aspects may occur pertinent when it comes to infection of an immunocompromised host, potentially protected by a weaker immune response against the infection.

Like the SARS coronavirus and herpes simplex, the 2019-nCoV may have an effect to reduce heparin sulfate, anti-thrombin III binding, prostacyclin, and thrombomodulin and enhance thrombin formation and platelet binding.

Furthermore, the WHO and the Centers for Disease Control and Prevention (CDC) survey revealed that 76.5% of critically ill COVID-19 patients are overweight and over 60% of patients under intensive care are either overweight or morbidly obese. Again, obesity can increase inflammation state and pressure on the lung; also, patients with obesity who require intensive care present challenges in management as it is more difficult to obtain diagnostic imaging, patients are more difficult to intubate, and they may not do well when prone.

In this case, it was not possible to perform mechanical thrombectomy (MT) because the patient had a significant hemodynamic instability. However, in our initial series of six COVID-19 patients with stroke, MT was successfully performed in two cases of right middle cerebral artery occlusion \[[@CR14], [@CR15]\].

During the pandemic, there was a reduction in hospital admissions for minor strokes, because the population was afraid of the COVID-19 and did not turn to the emergency service. The preparation times for the patient and the angiography room were longer due to the use of individual protection devices \[[@CR15]--[@CR18]\].

The assessment of acute stroke patients was performed by CT: brain NCCT, MCTA, and perfusion CT (PCT) in accordance with the guidelines \[[@CR4], [@CR15], [@CR18], [@CR19]\].

Intravenous thrombolysis was not performed because in those dramatic moments, international guidelines were not available \[[@CR7], [@CR15], [@CR20]\] and the risk of further bleeding (e.g., hemoptysis) was high.

Finally, a recent report highlights a close correlation between antiphospholipid syndrome, severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) infection, and multiple ischemic strokes \[[@CR6]\].

In summary, we report a 2019-nCoV immunocompromised patient with comorbidity who developed multiple acute ischemic strokes.

Although we cannot be certain of the contribution of Covid-19 to the development of stroke, we believe our experience should alert others managing critically ill 2019-nCoV patients in future outbreaks to be vigilant against an increase in thrombotic complications including stroke.

This article is part of the Topical Collection on *Covid-19*

We dedicate this case report to our colleagues who died of Covid-19.
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